Abstract. Climate change is one of the biggest environmental problems of the 21 st century. The most sensitive indicators of the effects of the climatic changes are phenological processes of the biota. The effects of climate change which were observed the earliest are the remarkable changes in the phenology (i.e. the timing of the phenophases) of the plants and animals, which have been systematically monitored later. In our research we searched for the answer: which meteorological factors show the strongest statistical relationships with phenological phenomena based on some chosen plant and insect species (in case of which large phenological databases are available). Our study was based on two large databases: one of them is the Lepidoptera database of the Hungarian Plant Protection and Forestry Light Trap Network, the other one is the Geophytes Phenology Database of the Botanical Garden of Eötvös Loránd University. In the case of butterflies, statistically defined phenological dates were determined based on the daily collection data, while in the case of plants, observation data on blooming were available. The same meteorological indicators were applied for both groups in our study. On the basis of the data series, analyses of correlation were carried out and a new indicator, the so-called G index was introduced, summing up the number of correlations which were found to be significant on the different levels of significance. In our present study we compare the significant meteorological factors and analyse the differences based on the correlation data on plants and butterflies. Data on butterflies are much more varied regarding the effectiveness of the meteorological factors.
Introduction
Range and spatial and temporal pattern of the species making up the biosphere has been continuously changing since life began on Earth. The most important pattern generating factor of this global change is weather and its seasonal changes. Earlier, the change of the biota in geological scale could be considered to be a natural process, however, in the ecological and climatological changes of the last some thousand years the effects related to human activity are more and more significant. Direct and indirect effects of the climate change on terrestrial and marine ecosystems could already be observed in the last decades -on the level of individuals, populations, species, biomes and the global biosphere as well. Climate change is one of the most important ecological problems of this century (IPCC, 2007) . It is of great significance because it affects the living conditions of the whole global society (Harnos et al., 2008) so it determines its sustainability as well. The changeability of the climate, that is the lack of climatic stability (and its degree) in longer periods, is determinant for the state and change of state of all earthly ecosystems (Hufnagel and Gaál, 2005 Ladányi, 2008) . The different natural and human-influenced ecosystems show heterogeneity regarding their sensitivity to the effect (Sipkay et al., 2007 Hufnagel et al., 2008) . Ecosystems as systems capable of regulation do not only endure effects passively but they react to those with adaptation of different degree and type, feedback and regulation (Drégelyi-Kiss, 2008).
The effect of climate change which was observed the earliest and has been systematically monitored later as well is the remarkable changes in the phenology (i.e. the timing of the phenophases) of the plants and animals. Despite the fact that not enough is known about which environmental factors induce the beginning of the phenophases and affect the reproduction cycles in case of individual species, it is known, that not only the changing weather (due to the higher CO 2 concentration) but the CO 2 level itself can significantly affect e.g. the blooming of some plants (Houghton, 1995) . Several biologists have already studied the phenological changes all over Europe, and it was observed that certain species started budding 5-6 days earlier than usual, while e.g. autumn colouring started 4-8 days later (Menzel, 1999) . Abu-Asab and his colleagues (2001) studied the changes in the beginning of blooming over 21 years (between 1970 and 1990) and their results show that the majority of the trees (regarding 100 species from 44 angiosperm families) started blooming 3-5 days earlier at the end of the period than at its beginning. Earlier beginning of blooming is also proven by the research results of Primack and his colleagues (2007), according to which rise in the mean temperature by 1 °C between February and May results in blooming approximately 4 days earlier in Massachusetts (USA), so plants bloom nowadays 11 days earlier on average than a century before. However, researches by Sherry et al. (2007) show that only those species start blooming earlier which bloom before the summer heat, the blooming of the other ones is definitely delayed. In the American tall grass prairies early species bloom 7.6 days earlier on average and late species 4.7 days later, so in the middle there is a gap in the seasonality of the community's blooming dynamics. It can be seen from the above that out of the basic ecological phenomena, climate change modifies the seasonal community dynamics and one of its important factors: the phenology of species, the most significantly (Schwartz, 2003 In our present study, which is based on the development of our researches last year (Eppich et al., 2009), we wanted to examine the connection between weather conditions and phenology and compare our studies on geophytes with data on insect phenology.
In our research we set three main goals again: 1. To explore based on some suitably chosen years which role frequency distributions of the meteorological parameters of the given period play regarding the phenological patterns. 2. To survey with the help of correlation analyses, which meteorological parameters have what kind of influence on the phenological behaviour of the individual indicator plants and insect species. 3. To compare the effects observed in the case of plants and insects and find out whether they show similar phenomena (i.e. whether synchronicity can be assumed in their changes) or there are differences, which can show the breaking up and reorganisation of the ecological relationships on community level.
Materials and methods
For our case study we used historical weather data series from the Hungarian Meteorological Service, Szaniszló Priszter's observations on the phenology of geophytes as well as the data on Lepidoptera from the Hungarian Plant Protection and Forestry Light Trap Network.
Meteorological data
The Hungarian Meteorological Service has published the daily data of Budapest of a 100-year period, among which you can find the daily mean temperature, the daily maximum and minimum temperature, the amount and type of daily precipitation and the daily sunshine duration. In order to complete these, radiation values were also calculated (according to Gábor Szász, 1968 ).
Phenological database on geophytes
Szaniszló Priszter, the former director of the Botanical Garden of the Eötvös Loránd University had been observing and recording the beginning of three characteristical phenophases of about 200 plant species, mainly geophytes for approximately 40 years during the last decades of the twentieth century (Priszter, 1960 (Priszter, -2000 Priszter, 1974; Isépy and Priszter 1972; Priszter and Isépy, 1974 ). Priszter's data were substituted for day serial numbers in the individual years. These data describe on which days the observed geophytes budded, bloomed and withered. Our database was constructed from these data and it contains Latin names of the species and day serial numbers of the three phenological events for each examined year.
Hungarian Plant Protection and Forestry Light Trap Network
On the initiative of Tibor Jermy, member of the Hungarian Academy of Sciences, the organizing of the Hungarian light trap network began in 1952, on plant protection stations, in agricultural institutions and forestries. The Hungarian light trap network is equipped uniformly with Jermy-type light traps. Several light traps are operating covering the whole country, from which samples are collected by daily emptying. This way we possess daily flight data of several decades on hundreds of insect species. However, the data series of the light trap network are burdened by numerous errors, missing data, and the filtering, correction and homogenization of these is a serious biomathematical problem. All things considered, the database of the light trap network provides a unique opportunity for the phenological researches on Lepidoptera (Nowinszky, 2003) . For the present study we prepared homogenized, interpolated daily values after error filtering, adjusted by a space-time window, from the united data series of suitably selected light traps. As phenological event we selected the day of the data series obtained this way on which the cumulated sum of the frequency data first exceeds 50% of the annual sum.
Used meteorological indicators and their evaluation
The meteorological indicators have been calculated from the end of August in the previous year (from the 240 th Julianus day of the year) till the beginning of the phenological event.
The following derived meteorological parameters have been calculated: 1. average of daily global radiation (J/m 2 ), 2. average of daily mean temperature, 3. average of daily maximum temperature, 4. average of daily minimum temperature, 5. precipitation amount, 6. sunshine duration, 7. daily average of sunshine duration, 8. number of days with precipitation (including trace of precipitation), 9. number of days with real precipitation (excluding trace of precipitation), 10. sum of mean temperature > 10 C, 11. sum of mean temperature > 9 C, 12. sum of mean temperature > 8 C, 13. sum of mean temperature > 7 C, 14. sum of mean temperature > 6 C, 15. sum of mean temperature > 5 C, 16. sum of mean temperature > 4 C, 17. sum of mean temperature > 3 C, 18. sum of mean temperature > 2 C, 19. sum of mean temperature > 1 C, 20. sum of mean temperature > 0 C, 21. average of daily temperature fluctuation (maximum-minimum), 22. relative deviation of precipitation for days with precipitation, 23. number of frost days, 24. sum of nonnegative daily mean temperature after the last frost day till the day of the phenological change.
Using these meteorological indicators, analyses of correlation have been carried out on the phenophases in our geophytes' phenology database and the light trap data series on Lepidoptera for each year of examination. To describe the significance of each meteorological indicator the G index was introduced. In its numerator the number of the correlations which are significant at 5% significance level is summed up with double weight, while the number of the correlations which are significant at only 10% significance level is simply summed up, and in the denominator there is twice the total number of the studied species (maximum correlation).
From the meteorological data series the yearly frequencies of each characteristical meteorological indicator were also calculated for the periods lasting from the end of August in the previous year till the end of August in the current year, and their distributions were plotted in order to find out the degree of the variability between the years.
Results and discussion
The phenological role of the various meteorological parameters we analyzed and their importance are expressed by the G index. It was calculated for both the geophyte and the Lepidoptera databases ( Table 1) .
Based on these data it can be stated that Lepidoptera data show significantly higher correlations on average with meteorological parameters than phenological data of the geophytes do. This is not surprising because Lepidoptera, attracted by light, are much more exposed to the effects of climate and vegetation than geophytes, which possess significant nutrient reserves and accumulated water. At the same time it is an extremely interesting and consistent result that the most important factor regarding both Lepidoptera and plants proved to be No. 21: the average of daily temperature fluctuation. This is surprising because models used in phenology generally yield good results rather with parameters related to heat summation or mean temperature. Parameter No. 6, the sum of sunshine duration is also important for both groups. It can be also stated that parameters No. 5, 7 and 22, namely precipitation amount, daily average of sunshine duration and relative deviation of precipitation do not play an important role either in the case of Lepidoptera or in the case of plants. The ineffectiveness of the variables describing precipitation conditions is not surprising because it is a characteristic of bulbous plants that they are capable of tolerating the lack of precipitation due to their storage organs so they are not affected by precipitation conditions as much. However, the average of sunshine duration and the average of temperatures above 10 C do not seem to be effective in case of our plants. This can be surprising because sunshine and heat usually prove to be important factors when examining phenological phenomena.
A striking difference can be seen concerning indicator No. 23 (number of frost days) because it is very important in the case of geophytes but in the case of Lepidoptera it seems to play almost the least significant role. It is easy to understand that frost has a significant effect on geophytes, while in the case of flying insects it is not really important in itself.
Examining 93 geophytes in our earlier studies (Eppich et al., 2009 a, b) it was recognizable that the effect of several factors differs per phenophase. Apart from the above the appearance of the first buds can also be affected by the average daily maximum temperature (met3) and the average daily mean temperature (met2), which is reasonable since this is obviously in connection with spring warming. However, the date of blooming is rather affected by the average daily minimum temperature (met4) and global radiation (met1). This can be caused by the fact that the blooming of already developed buds can be limited by low temperature at night or early in the morning. The withering date of flowers, however, is often influenced by a factor that almost never has an effect on the previous two phenophases. This is the number of days with real precipitation (met9), the importance of which seems to precede even that of the number of frost days (met23) in this case. This latter observation is also easy to understand because in case of withering, temperature conditions are less dominant than precipitation conditions. . Accordingly, apart from the daily temperature fluctuation and sunshine duration the average daily mean, maximum and minimum temperatures are dominant in case of plants, while in case of Lepidoptera instead of these latter ones rather the sum of mean temperatures above 1, 2 and 3 °C are significant. In case of our plants 3 °C proved to be the most adequate threshold value for heat summation, in case of Lepidoptera it was 0°C. However, it can be seen that daily temperature fluctuation is more important in all cases than the approaches to heat summation.
In case of Lepidoptera we classified the meteorological parameters according to their correlations with the species. The result can be seen on Figure 1 . It can be observed that there are numerous Lepidoptera species that correlate well with almost all parameters and a smaller group with nearly none of them. At the same time there is a well definable group of Lepidoptera for which rather parameters No. 1, 2, 3, 4, 6, 8, 9, 21, 23 are important, while for another circle instead of these parameters No. 13, 14, 15, 16, 17, 18, 19, 20, 21 are important. These correlation patterns require further analyses.
Since daily temperature fluctuations seemed to be the most important parameters, we considered it worthwhile examining their annual frequency distribution more thoroughly (Figure 2) .
